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(57)Abstract 

PROBLEM TO BE SOLVED: To obtain high joining strength by forming a member made of steel material and having 
a shaft and a green compact composed of ferrous alloy powder or powder mixture and having a hole, fitting the 
shaft and the hole together, and carrying out integral sintering with use of the green compact having a composition 
where the amount of thermal expansion at a specific temperature at sintering is smaller than the amount of thermal 
expansion of the steel material. 

SOLUTION: A green compact, whose amount of thermal expansion at >800° C at sintering is smaller than the 
amount of thermal expansion of a steel material, is used. As for a fit tolerance between the hole of an outer 
member and the shaft of an inner member, running fit of <5 [ixx\ clearance or close fit of <60 /mi interference is 
preferred. It is preferable that a raw material powder constituting the green compact is composed of pure iron or 
has a composition equal to that of the steel material and that a zinc-free lubricant is used as a lubricant to be 
added to the raw material powder. Further, it is preferable to carry out sintering in gaseous nitrogen of 
noncarburizing atmosphere or in an atmosphere composed essentially of geseous nitrogen. Although sintering is 
ordinarily performed by solid phase sintering, diffusion joining can be further accelerated when sintering is done is a 
state where liquid phase is generated in part. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The member which has the shank formed from steel materials (ingot material) (henceforth 
an inside member), The green compact (henceforth lateral part material) which has the pore which 
pressed and obtained the alloy powder or mixed powder of an iron system The manufacture 
approach of the concurrent- sintering machine part which faces sintering to one where each shank and 
pore are inserted in, and is characterized by using the green compact of the presentation to which the 
amount of thermal expansion in the pyrosphere 800 degrees C or more of a sintering process 
becomes smaller than the amount of thermal expansion of steel materials. 

[Claim 2] as [ of the pore of lateral part material, and the shank of an inside member ] inserting each 
other in and variation of tolerance being 5 micrometers or less of clearances — inserting in — or the 
manufacture approach of the concurrent-sintering machine part of less than 60 micrometers of 
interferences according to claim 1 which it is closed, inserts in and comes out and exists. 
[Claim 3] The manufacture approach of a concurrent- sintering machine part according to claim 1 or 
2 that the raw material powder which constitutes a green compact is the thing of pure iron or steel 
materials, and an equivalent presentation. 

[Claim 4] The manufacture approach of claim 1 which sinters in an un-carburizing nature ambient 
atmosphere, and a concurrent-sintering machine part according to claim 2 or 3. 
[Claim 5] The manufacture approach "of the concurrent-sintering machine part according to claim 4 
which is that to which a sintered atmosphere- uses nitrogen gas or nitrogen gas as a principal 
component. : ° 

[Claim 6] The manufacture approach of claim 1 using what does not contain zinc as powder 
lubricant added to raw material powder, and a concurrent-sintering machine part according to claim 
2 or 3. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amelioration of the approach of joining the part of a 
green compact and the part of steel materials (ingot material) adapting the approach of obtaining one 
sintering component, by sintering by sintering combining the green compact which carried out 
division shaping into two or more parts used for manufacture of sintered machine parts with a 
complicated configuration. 
[0002] 

[Description of the Prior Art] In order to consider as one sintering component combining two or 
more green compacts In the configuration in which one green compact has a shank, the green 
compact of another side is fabricated at the configuration which has a pore. It is usually to sinter, 
where the shank and pore of the member (it is called a following inside member since it inserts in 
and becomes inside by doubling) which has a shank, and the member (henceforth lateral part 
material) which has a pore are inserted in, and to make it unify by diffused junction. And with the 
component presentation, since the amounts of thermal expansion under sintering differ, respectively, 
the sintered alloy is aiming at sintering in the condition that chose both members and both members 
stuck them so that the amount of thermal expansion of lateral part material might become [ as for an 
inside member and lateral part material ] smaller than an iriside; member in the case of a green 
compact. - [ : '.Z~' : " ' .7 

[0003] Thus, although many of concurrent- sintering machine parts made join green compacts, lateral 
part material has in inside the case where he wants to use steel materials (ingot material) in an inside 
member from the application of components, and the need for a functional side and others with a 
sintered alloy (green compact). By the way, although it is the same as that of the case of ingot 
material that a sintered alloy also shows allotropic modification and the dimensional change by heat, 
since the eburnation (contraction) by disappearance of pore-izing of the clearance between powder 
particles - pore is produced in the sintering process from a green compact as a phenomenon peculiar 
to a sintered alloy, the amount of thermal expansion at the time of sintering ordinarily becomes small 
in principle compared with the steel materials of an equivalent presentation. 

[0004] Therefore, since the direction of lateral part material (green compact) contracts relatively and 
it sticks with an inside member (steel materials), both members should be joined enough, and in spite 
of diffusion of an alloy content advancing in the case of fact green compacts and obtaining high 
bonding strength, when inside members are steel materials, necessary bonding strength is not 
obtained on the usual sintering conditions on condition of mass production. Although bonding 
strength improved when changing sintering conditions also in this case and sintering long duration at 
the elevated temperature, it was hard to become practical use in respect of productive efficiency and 
cost. 
[0005] 

[Problem(s) to be Solved by the Invention] Then, as this cure, before inserting in with a green 
compact, the junction approach of performing carburization processing to the plane of composition 
of steel materials was developed. If the carburization layer of concentration higher than the carbon 
content of a green compact is formed in the steel-materials front face, diffusion of the carbon from a 
carburization layer to a green compact will fully advance at the time of sintering, and this approach 
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uses the phenomenon in which the same high bonding strength as the case where they are green 
compacts is obtained. 

[0006] However, carburization processing of an ion cementation process etc. needed to be performed 
to this approach for a long time, and since there was the quality of the material which is fit for 
neither the case where the processing cost of steel materials costing dearly and carburization are not 
liked, nor carburization, there was a problem of the object of operation being restrained. This 
invention is aimed at the combination of a green compact in steel materials and lateral part material 
by especially the inside member for the purpose of development of the approach of not requiring 
carburization processing of steel materials on the occasion of junction by sintering with a green 
compact. Incidentally the steel materials in this specification have named generically the ingot 
material of iron system metals, such as pure iron, carbon steel, and alloy steel. 
[0007] 

[Means for Solving the Problem] When the inside member of steel materials is inserted in the lateral 
part material of a green compact and carries out sinter bonding to it, in order for the composite part 
obtained to have high bonding strength, it is necessary to aim at junction by solid phase diffusion of 
an alloy content by sintering in the mere mechanical condition that burned and inserted in and the 
plane of composition of both the members instead of **** fully stuck. It inserts each other in it at the 
time of inserting in both members first, variation of tolerance (difference of the inside diameter of 
the pore of a green compact and the outer-diameter dimension of the shank of steel materials) is 
important, it is desirable to set up for narrowing the green compact (closing and inserting in), and to 
press fit in steel materials, and both degree of adhesion becomes high, so that an interference is large. 
However, it is before sintering, and in order to avoid breakage of a green compact with low 
reinforcement, it is smaller than the case of green compacts with buffer action, and it necessary to 
stop an interference within less than 30 micrometers and at most 60 micrometers preferably. Also 
when it passes and chooses eye **, a clearance is so good that it is small, and should be stopped to 5 
micrometers or less. 

[0008] There is relation with the class of ambient atmosphere at the time of sintering as a following 
factor and the class of powder lubricant blended with an ambient atmosphere and a green compact. 
That is, since there is also no quality of the material which should be evaded especially moreover 
toward the Fe-C system of high carbon as a sintered atmosphere of an iron system alloy, purification 
exosir MIKKUGASU made by caiTying out conversion of natural gas, the hydrocarbon of methane 
series, etc. is used widely, and, generally zinc stearate is used for powder lubricant. 
[0009] However, if such an ambient atmosphere (for example, butane converted gas) is used in the 
case of concurrent sintering which uses a green compact lateral part material and uses steel materials 
as an inside member From the pore front face, the carbon in an ambient atmosphere invaded into 
iron, and reacted, and it became clear that a minute amount would show a catalysis to this reaction, 
and the amount of expansion would be increased if zinc exists in a green compact in to expand the 
green compact to which steel materials more originally should not expand, and that case. For this 
expansion, adhesion with a green compact and steel materials becomes inadequate, and causes the 
fall of bonding strength. 

[0010] Therefore, it is required to change powder lubricant into metal stearate or the Accra waxes 
(trade name) other than what [ what does not contain zinc ], for example, lithium stearate and other 
zinc, etc. as this cure, and to mitigate expansion, and to change a controlled atmosphere into the 
thing of un-carburizing nature fundamentally. In that case, when economical efficiency is also taken 
into consideration, the nitrogen-gas-atmosphere mind almost near inactive or especially the ambient 
atmosphere that uses nitrogen gas as a principal component is desirable also in un-carburizing nature 
gas. Moreover, although sintering is usually based on solid phase sintering, if it sinters in the 
condition of generating the liquid phase to a part, diffused junction will be promoted further. In that 
case, if the amount of generation of the liquid phase is less than 5%, there will be no concern of 
erosion, form collapse, etc., but in order to also maintain the dimensional accuracy of a sintered 
compact at a good condition, stopping within 3% is desirable. In addition, especially % about the 
presentation in this specification etc. is weight % unless it refuses. 
[0011] 

[Embodiment of the Invention] (Example 1) The cylinder with the outer diameter of 30mm, a bore 
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[ of 10mm ], and a die length of 20mm was first produced by carbon steel S45C, and it considered as 
the inside member. Next, 1 .5% of copper powder and 0.7% of graphite powder were blended with 
iron powder, and the mixed powder which added the Accra wax (trade name) 0.7% as powder 
lubricant to this was prepared. This powder is compressed and it is green density 7.0 g/cm3 at the 
bore of 30mm, the outer diameter of 40mm, and die length of 10mm. The disc-like green compact 
was formed and it considered as lateral part material. Subsequently, both members were inserted in 
by press fit of 30 micrometers of interferences, and it sintered for 40 minutes at 1 130 degrees C 
among nitrogen-gas-atmosphere mind, and joined to one. As a result of performing the breakdown 
test which hangs the obtained sintered compact on a material testing machine, supports lateral part 
material on a stand, and carries out a load to an inside member, the bonding strength of both 
members was 120MPa(s). 

[0012] (Example 2) It is [ — It changed into the partial diffusion alloy powder (trade name 
DESUTAROI AE) of 0.5% and Remainder Fe. ] copper of HEGANESU about the raw material 
powder with which the quality of the material of the inside member in an example 1 is first changed 
into steel for machine structural use SCM 415 from carbon steel, and lateral part material forms a 
green compact. -- They are 1.5% and nickel. — They are 4% and Mo. Powder lubricant and green 
density are the same as an example 1 . Subsequently, both members were inserted in by press fit of 20 
micrometers of interferences, and it sintered for 1 1 5 minutes at 1195 degrees C among the 
decomposition ammonia gas ambient atmosphere, and joined to one. As a result of performing a 
breakdown test like [ sintered compact / which was obtained ] an example 1 , the bonding strength of 
both members was 200MPa(s). 

[0013] (Example 3) It is nickel about the raw material powder with which the quality of the material 
of an inside member is considered as as [ an example 2 ] (SCM415), and lateral part material forms a 
green compact. — They are 2% and Mo. - It changed into the mixed powder which blended the 
graphite with the alloy powder of a presentation of 1.5% and Remainder Fe 0.6%. Subsequently, 
both members were inserted in by press fit of 20 micrometers of interferences, and it sintered for 115 
minutes at 1 195 degrees C among the decomposition ammonia gas ambient atmosphere, and joined 
to one. As a result of performing a breakdown test like [ sintered compact / which was obtained ] an 
example 1, the bonding strength of both members was 200MPa(s). 

[0014] Incidentally, since the amount of thermal expansion under sintering should be just smaller 
than an inside member (steel materials) as a mechahicat property of lateral part material (green 
compact), not only the presentation of an example buUpure iron is sufficient as the quality of the 
material, and the same quality of the material as the steel materials of an inside member is sufficient 
as it. Moreover, unless the amount of thermal expansion is increased (steel materials), the proper 
alloy content according to an application can be made to contain. 

[0015] (Example 1 of a comparison) The alloy presentation and the geometry were the same as that 
of the thing of an example 1, produced the green compact which changed only powder lubricant into 
0.7% of zinc stearates, inserted in this lateral part material and the same inside member as the case of 
an example 1 (steel materials) by press fit of 30 micrometers of interferences, changed the ambient 
atmosphere of a furnace into the butane converted gas of carburization nature, and sintered it for 40 
minutes at 1 130 degrees C. However, the part which was not joined to the obtained sintered compact 
in the contact surface of both members was accepted, and it was a defective also in reinforcement. 
[0016] (Example 2 of a comparison) When processed on the same conditions as the case of the 
example 1 of a comparison except having used the Accra wax (trade name) as powder lubricant of a 
green compact, the bonding strength of the obtained sintered compact was 40MPa(s), and 
reinforcement was insufficient [ bonding strength ] although it had joined. 
[0017] 

[Effect of the Invention] In the case of the composite part which makes an inside member and an 
iron system sintered alloy lateral part material, on the conventional manufacture conditions, firm 
junction of both members was not able to do steel materials, but the proper combination of powder 
lubricant and a sintered atmosphere became clear, and, as a result, the bonding strength of both 
members was remarkably raised by this invention. 
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